Mussel and mammalian ATP synthase share the same bioenergetic cost of ATP.
The molecular mechanism by which the membrane-embedded FO sector of the mitochondrial ATP synthase translocates protons, thus dissipating the transmembrane protonmotive force and leading to ATP synthesis, involves the neutralization of the carboxylate residues of the c-ring. Carboxylates are thought to constitute the binding sites for ion translocation. In order to cast light on this mechanism, we exploited N,N'-dicyclohexylcarbodiimide, which covalently binds to FO c-ring carboxylates, and ionophores which selectively modulate the transmembrane electric (Δφ) and chemical (ΔpH) gradients such as valinomycin, nigericin and dinitrophenol. ATP hydrolysis was evaluated in mitochondrial preparations and/or inside-out submitochondrial particles from mussel and mammalian tissues under different experimental conditions. The experiments pointed out striking similarities between mussel and mammalian mitochondrial ATP synthase. Our results support the hypothesis that the ATP synthase of Mytilus galloprovincialis induces intersubunit torque generation and translocates H(+) by coordinating the hydronium ion (H3O(+)) in the ion binding site of FO. Our results are consistent with the hypothesis that in mussel mitochondria the main component of the electrochemical gradient driving proton flux and ATP synthesis is Δφ. Therefore, mussel FO probably contains a small c-ring, which implies a low bioenergetic cost of making ATP as in mammals. These features which make mussel mitochondria as efficient in ATP production as mammalian ones may be especially advantageous in facultative aerobic species which intermittently exploit mitochondrial respiration to generate ATP.